Abstract. More than 600,000 hectares of mostly forested land in the Appalachian region were surface mined for coal under the Surface Mining Control and Reclamation Act. Today, these lands are largely unmanaged and covered with persistent herbaceous species, such as fescue and serecia lespedeza, and a mix of invasive and native woody species with little commercial or ecological value. Some landowners and surrounding residents would like to restore native forests on some of these lands for the valuable products and services they provided prior to mining. For these lands to become productive forests, intervention is needed to loosen compacted mine soils, correct chemical or nutrient deficiencies, and replace the current vegetation. Reforestation guidelines to restore native forests on mined lands that are unoccupied, unmanaged, and unproductive were developed. Practices include land clearing, mine soil tillage, fertilization, tree planting, weed control and monitoring. The recommended practices were tested on a 35-ha mine site, originally reclaimed to grassland and bond-released in 1997. After the second growing season mean stocking of 885 ha -1 was achieved. Five of the six primary planted species (black, white, and red oak, tulip poplar, black cherry) had statistically equivalent stocking, but tulip poplar and black cherry had the highest mean height and biomass. Volunteer trees occurred on most measurement plots; most volunteer trees were native but invasive shrubs were also present. The pre-existing vegetation proved to be persistent and competitive, demonstrating the importance of vegetation control and strategic nutrient application to reforestation success.
Introduction
More than a half million hectares of mostly forested land in the Appalachian region were surface mined for coal under the Surface Mining Control and Reclamation Act. Most of this land was reclaimed using practices intended to stabilize the surface, prevent erosion, and establish vegetation suitable for domestic livestock or wildlife. Today, these lands are largely unmanaged and covered with persistent herbaceous species, such as fescue and serecia lespedeza, and a mix of invasive and native woody species with little commercial or ecological value. Some landowners and adjacent publics would like to restore native forests on some of these lands for the valuable products and services they provided prior to mining. Re-establishing productive forests on otherwise unused and non-productive mined lands will generate economic value for landowners and communities, and will enhance environmental quality by accelerating restoration of ecosystem services -such as watershed protection, water quality enhancement, carbon storage and wildlife habitat -that are typically provided by native forests on non-mined landscapes.
Today, lands being actively mined in several Appalachian states are often reclaimed using the Forestry Reclamation Approach (FRA) (Burger and Torbert, 1992; Burger et al. 2005) , which establishes productive forest as a post-mining land use in accord with SMCRA. In 2004, the Office of Surface Mining and the seven state regulatory authorities in Appalachia created the Appalachian Regional Reforestation Initiative (ARRI) to advocate and promote the use of this FRA to reestablish healthy, productive forest habitat in the eastern coal fields Burger et al., 2005) . The reforestation guidelines in this publication are different; they are intended for lands mined and reclaimed without the FRA that are not forested and not under active management. They are intended for application on unused mined land, including those acres mined since 1980, reclaimed to satisfy SMCRA guidelines, bond released, and now under landowner control. Land mined before 1980, some of which has been identified as "abandoned mined land" could also be reforested using these guidelines. For these lands to become productive forests, intervention is needed to loosen compacted mine soils, correct chemical or nutrient deficiencies, and replace the current vegetation.
This purpose of this paper is to 1) describe a set of practices that can be applied to restore native forests on unused mined lands that are unoccupied, unmanaged, and unproductive; 2) show the results of these practices on a prototype reforestation effort on a 35-ha unused mined site two years after they were applied; and 3) show the extent to which these reforestation guidelines have been adopted and applied on mined sites by ARRI foresters and various partnering organizations and landowners.
Reforestation Guidelines for Unused Mined Land
Forest restoration on unused mined lands typically requires a sequence of steps or procedures over several years. In a Virginia Tech Cooperative Extension Bulletin, Burger and Zipper (2011) describe the process within the context of "four Ps": "Plan, Prepare, Plant, and Protect": Assess site conditions and develop a forest restoration plan; prepare the site to make it more favorable for forest establishment; plant a combination of valuable, native trees or plantation species; and protect the site and new planting with follow-up management, including weed control, fire prevention, and animal and human trespass. The logic for each step is briefly described.
Develop a Reforestation Plan
Step one entails assessing site conditions and writing a reforestation plan. Based on this assessment and written plan, contractors or other entities can be sought for completing the needed reforestation operations. In consultation with the landowner, the plan should include a detailed map of the site, a vegetation survey, a test and evaluation of mine soil physical and chemical properties, the forest type and species to plant, weed control methods to be used, and procedures for monitoring post planting conditions and success.
A GIS map or an aerial or satellite photo is useful to determine acreage and to record the assessment survey, as well as a record of the application of all reforestation procedures. Aerial imagery that is freely available on internet mapping sites can be used to prepare a base map and to estimate areas. Herbaceous plants and woody shrubs, many of them non-native and invasive, often dominate reclaimed post-SMCRA mine sites (Zipper and others 2007, and Fig. 1 ).
Successful reforestation requires that existing vegetation be eliminated or controlled. Thus, the reforestation plan must include a strategy for control of competing vegetation. The site should be surveyed in advance of reforestation to determine where deep tillage will be needed and how it will be applied. Deep tillage of dense mine soils will produce a favorable soil condition where roots can extend easily and access needed water, nutrients and air. Sampling mine soils and sending the samples to a state or private testing lab for chemical analyses can provide information on soil chemical properties and to determine if corrective measures are needed. The site map can show where specific tree species mixes will be planted. Tree species selection should be based on land owner objectives and the capability of the site. In most cases, mined land will be suitable for mixed native hardwoods.
Prepare the Mined Site for Planting
Preparing the mined site for planting usually requires three steps: 1) removing and controlling existing undesirable vegetation; 2) improving the mine soil's chemical properties by adding lime and fertilizer; and 3) improving the mine soil's physical properties by deep tilling with a dozer to alleviate mine soil compaction and consolidation.
It is essential that the pre-existing vegetation be controlled because it will otherwise compete for sunlight, water, and nutrients needed by tree seedlings to survive and grow. Because the preexisting vegetation has well-established rooting and physical stature, it has an advantage over newly planted seedlings. If pre-existing vegetation is not controlled, it will quickly overtop and out-compete planted tree seedlings, and those seedlings will not survive. Woody stems that will interfere with reforestation operations should be killed and removed prior to soil preparation.
Herbicides should be applied to control herbaceous vegetation both before and after planting tree seedlings.
Soil fertility is essential to the planted trees' growth, and soil pH affects plant availability of soil P. In the short term, access to essential nutrients will enable quick early growth of planted seedlings; this is desirable because post-planting herbicide applications can cease once the planted seedlings overtop their competition. Over the longer term, adequate fertility is essential to forest productivity. Apply lime (only if necessary) and fertilizer as needed to improve the mine soil's fertility and chemical properties. Lime is usually easy to apply with standard, commonly-available equipment. However, fertilizers must be applied strategically to restrict availability to the planted trees and to prevent the fertilizer application from stimulating competition by undesirable vegetation.
When mine soils have become dense, soil loosening is needed to allow normal rooting, water infiltration, soil drainage, and movement of air into the soil surface, all of which are required for productive tree growth. Compacted mine soils can be loosened with a soil ripper, sub-soiler, or other specialized tillage device. Because forest trees require at least 1.5 meters of rooting depth for adequate growth, ripping compacted mined sites to at least one meter is recommended. This deep tillage operation will typically require a large dozer such as a Cat D-8, but the equipment should be transportable via public roads. Application of deep tillage to active mines is described by Forest Reclamation Advisory No. 4 (Sweigard et al., 2007) ; these practices can be adapted for use on older mined sites.
Plant the Site with Selected Tree Species
Over many decades, native hardwoods are likely to re-establish on unused Appalachian mined lands through natural processes, but natural processes are hindered by the vigorous, nonforest vegetation that occurs on most mine sites. Natural invasion by the heavy-seeded tree species -including oaks and hickories -will occur even more slowly, especially on larger mine sites, because these species' seeds are not carried by wind or birds. Plant trees of species suited to reforestation goals. If the goal is to reestablish the native forest, plant a mix of native hardwoods, these trees should be commercially viable hardwoods that will provide multiple benefits including wood products, carbon sequestration, wildlife habitat, and watershed control.
Protect and Survey the Site and Trees
Young, planted trees are vulnerable to a variety of hazards, especially through their first year.
Competing vegetation will prevent seedlings from accessing the sunlight, water, and nutrients that they will need to survive. Perhaps not so obvious, rodents such as voles will use a heavy sod cover for winter shelter and de-bark the tree seedlings for a winter food source, killing the trees.
Control competing vegetation with herbicides, which is essential to reforestation success on virtually all reforested sites.
Stocking surveys are needed to determine success of the reforestation effort. To foresters, the term "stocking" means the number of living trees per unit area at a given point in time, and is usually expressed as trees/hectare. A planting rate for mixed hardwoods on mine soils is commonly 1700 trees/ha (700 trees/ac). Expected average survival in the region is 80% at the end of the first growing season and should level off at 70% by the end of the second growing season when trees should be fully recovered from transplanting shock and growing freely without excessive competition. At this stage minimum stocking should be approximately 1200 trees/ha. If stocking is inadequate after the first growing season (fewer than 1360 trees/ha) from poor survival due to droughty summer conditions, additional planting can be done the following winter.
If the reforestation steps were applied according to these guidelines, significant effort and money were spent to clear, till, and fertilize the area. A stocking survey followed by re-planting, if and where needed, will take advantage of the work already applied at significant expense. In September of the planted trees' first year, assess tree survival and stocking by determining the number of trees/acre still living. Mid-summer of the trees' first growing season is their most critical period; trees that survive the mid-summer heat and drought will generally make it through the fall and winter and into the next growing season. Assess site stocking (trees/acre) after the mid-summer heat has passed but while the trees still have their leaves, so living trees are easy to identify.
When the guidelines described above are applied appropriately, productive Appalachian forests can be restored on unused mined lands. Detail on how to apply these guidelines is provided in Virginia Tech Cooperative Extension Bulletin 460-144 (Burger and Zipper, 2010) .
Test of Reforestation Guidelines for Unused Mined Land
These guidelines for reforesting unused mined land were tested on a mined site managed by the Nature Conservancy near St. Paul, VA. In 1996, 91 hectares were mined for coal and reclaimed by using blasted rock as soil substitute, seeding with grasses and legumes, and planted with trees and shrubs. On areas with compacted soils, survival by planted late-successional trees was poor, producing vegetation dominated by Festuca arundinacea (tall fescue), Dactylis glomerata (orchardgrass) and other grasses; an exotic invasive shrub (Elaeagnus umbellata, autumn olive); and Robinia pseudoacacia (black locust), an early-successional native tree that often forms dense thickets (Fig. 1) . In 2007, a prototype version of the guidelines (Burger and Zipper 2010) was applied with the goal of restoring the carbon sequestration and watershed protection services of forested ecosystems.
Methods
Thirty-five hectares were cleared of woody vegetation in summer, 2007, shredding stems and stumps with a rotary ax. As a first step, the guidelines recommend killing existing vegetation with herbicides prior to removal of woody stems, but no pre-planting herbicides were used in this case. In autumn, 9 Mg ha -1 pelletized lime and 74, 95, and 56 kg ha -1 of elemental N, P, and K (as urea, triple super phosphate, and potassium chloride), respectively, were broadcast applied.
The liming rate was set to achieve an average mine soil pH of 6.0. Fertilizer rates were based on guidelines in Burger and Torbert (1992) . In December, the site was treated with a heavy disc harrow to break up surface turf and tilled with a 1 m deep-ripping shank to alleviate soil compaction at 2.8 m spacings; large disks mounded loosened soils over the deep rips and two smaller shanks, one on each side, tilled to 30 cm. In early 2008, ten forest tree species (see below) were planted as 1-0 bare-root seedlings on the mounds. In May, a 0.5 m radius around each seedling was spot-sprayed with herbicide (glyphosate, 2,4D, dicamba, pendimethalin).
Areas with poor survival were replanted and all planted trees were spot-sprayed again in 2009. Prior to tillage, soils were sampled to 30 cm depth at 31 points on a gridded pattern. Coarse fragment content (CF%) was determined as a fraction of soil mass and characterized for major rock type. Soil fines (<2mm) were tested for pH and soluble salts (SS) (Mullins and Heckendorn 2009 ).
In March 2010, planted and volunteered trees were evaluated and measured within 0.02 ha circular plots at each soil sampling point. Each tree was identified by species and as "planted" or "volunteer"; measured for height (ht) and ground-line diameter (gld); and rated visually for browse damage, rodent damage, and herbaceous competition ( Table 1 ). The density of competing vegetation was relatively uniform; therefore competition classes were based on height, which was roughly correlated with the amount of competitive biomass. Tree biomass volume was estimated as (ht x gld 2 ) for each living tree and summed to estimate plot totals.
It is important to note that reforestation procedures detailed by Burger and Zipper (2010) were followed except that existing vegetation was not killed using pre-planting herbicides prior to site tillage, and that fertilizer was broadcast applied instead of strategically placed in the tree row as recommended. 
Results
Two years after establishment, mean planted tree survival was 43%, resulting in a mean stocking of 885 ha -1 (Table 1) . Five of the six primary planted species (black, white, and red oak, tulip poplar, black cherry) had statistically equivalent stocking, but tulip poplar and black cherry had the highest mean height and biomass. Volunteer trees occurred on 22 of the 31 measurement plots; most were native (Table 2) . Volunteer stocking was variable, as 63% occurred in two plots (Table 2 ) and 71% as two species, black locust and sourwood. Black locust occurred on 7 plots and was responsible for 75% of the site's total tree biomass. Autumn olive, the dominant volunteer shrub, occupied >5% of total area (Table 3) , but was not sampled in a manner that allowed biomass estimation. 578,270 † All stocking, height, and biomass means followed by followed by the same letter are not significantly different (α = 0.05). † † Includes crab apple (malas spp.) (62/ha planted year 1) and red mulberry (Morus rubra) (12/ha planted year 2), none of which were observed in the measurement plots. † † † Includes white, black, and red oak; eastern redcedar (Juniperus virginiana); Virginia pine (Pinus virginiana), and one each of two invasive exotics: tree of heaven (Ailanthus altissima) and princess tree (Paulownia tomentosa).
Measured soil properties were typical for non-acidic Appalachian coal mines. Generally, pH (plot mean ± standard error = 6.3 ± 0.2, range = 4.6 -7.7) and SS (63 ± 5 ppm, range = 38 -166)
were correlated positively but with one outlier, a sample with the highest SS and lowest pH that likely contained acid-producing minerals (pyrites) and was excluded from further analyses involving soil properties. Weathered sandstone, generally favorable to reforestation on Appalachian mines (Angel et al. 2008; Emerson et al. 2009 ), was the primary rock type on 19 plots, with unweathered sandstones, siltstones, and shales also present. Browse damage was frequent and rodent damage infrequent, affecting ~50% and ~5% of surviving planted trees, respectively. Willow (Salix spp.) 1 1 1.5 0.5 † Observed units included both individual shrubs and multiple-stem "clumps," for which average height and estimated crown radius were recorded.
Planted tree stocking had no significant correlations with measured soil factors (Table 4) , but pH was negatively correlated with mean planted tree height; CF% (38 ± 2, 18 -77) and pH were negatively correlated with non-black locust native volunteers (NBNV) stocking. Autumn olive cover correlated positively with vegetative competition, and with planted tree height (Table 4) and biomass. Competition/damage ratings were not correlated with planted tree metrics at the plot level, but the herbaceous competition and browse ratings exhibited negative relationships with planted tree heights and biomass (Spearman's rho = -0.37 and -0.30, respectively; p<0.0001 for both relationships) p<0.0001) in individual-tree regressions. Browse and competition ratings correlated with one another positively at both the plot (rho = 0.36, p<0.05) and individual tree (rho = 0.13, p<0.01) levels. 
Discussion
Overall planted tree survival was poor, less than the 70-to-80% often achieved in active coal mine plantings (e.g. Emerson et al. 2009 ). We attribute this effect to the vigor of the herbaceous competition, given that soil properties are at levels considered favorable to planted trees based on expectations from active mine plantings ). This shows the need for aggressive control of existing vegetation using multiple strategies beginning with the application of a multi-spectrum herbicide to kill undesirable woody trees and shrubs and many types of herbaceous species. Based on observations of broadcast fertilized and unfertilized areas (outside the experimental area) of the site, the herbaceous competition was stimulated by the applied fertilizer making it all the more difficult to control with post-planting weed control methods.
Even if pre-planting herbicides had been applied, a germinating herbaceous seed pool will still create a near-total herbaceous ground cover, but, compared to already established grasses and legumes, its juvenile condition is controllable with post-planting herbicides. The aggressive growth of the existing ground cover stimulated by broadcast fertilization illustrates the importance of applying fertilizer in narrow bands in the tree row, or as fertilizer pellets adjacent to each planted tree seedling as recommended in the guidelines (Burger and Zipper, 2010) .
Emergence by planted trees from the thick groundcover of grasses, the non-native legume Lespedeza cuneata, and invading herbaceous plants such as Aster sp. is a critical ecosystem development stage, as emergent trees gain competitive advantage over herbs by casting ground shading. The correlation of competition and browse ratings suggests an indirect herbaceous effect via preferential attractiveness of dense and vigorous herbs to white-tailed deer (Odocoileus virginianus), a prominent local browser.
With low survival (43%), the average planted-tree stocking of 884 trees ha -1 was less than the 1000 ha -1 targeted in the restoration plan. Stocking varied, but planted trees occurred in all plots and was distributed over the site. If they survive, we would expect a mixed-species forest with a desirable component of mid-and late-successional species by crown closure and beyond.
Natural invasion by native trees can also aid in forest restoration. Most observed volunteer trees were early-successional native-forest components that, except for black locust, are desirable given our reclamation goals. Volunteer stocking, however, was highly variable across the site.
N accumulation is an essential ecosystem process after extreme disturbance, and dominance by N-fixing species on early-successional disturbed lands is common (Bradshaw 1983; Finegan 1984) . Two prolific woody species, autumn olive and black locust, are N fixers; both likely remained on site as live roots and viable seed despite the restoration treatment. Although native and an appropriate site occupant at this successional stage, black locust is not seen as desirable for our restoration goals because its rapid growth in thickets often inhibits site occupation by slower-growing forest trees, causing arrested succession (Groninger et al. 2007 ). Black locust is an exotic invasive elsewhere (ISSG 2010).
Proliferation of autumn olive, also an exotic (ISSG 2010), appears to be driving some ecosystem development processes. Invasion by a strongly competitive alien is common on disturbed sites with productive soils (Prach and Hobbs 2009) . We consider it likely that its density variations are driven by pre-disturbance distributions as no other site influences are apparent. The positive correlations of planted tree biomass and height with autumn olive cover suggest a response to autumn-olive cycled N, a finding that is consistent with such effects in tree plantations (Pashke et al. 1989; Pedlar et al. 2006) . With mean height >2x planted trees, rapid growth, and typically broad and dense crown, autumn olive has the potential to overtop and outcompete planted trees. Our data demonstrate that effect at higher densities, as planted tree stocking correlates negatively with autumn olive cover when cover is >5% (ρ=0.63, p=.02), while planted stockings for 3 plots with >11% autumn olive cover are among the 6 lowest recorded. The correlation of planted tree growth with autumn olive cover may also have been due to similar responses to unmeasured soil conditions.
Soil pH was correlated with planted tree height and NBNV stocking (Table 4) . These findings, combined with known mine soil property effects on active mines' reforestation success, suggests mine soil properties may be influencing site's response to restoration treatments. In the Appalachians, mine soils with moderately acidic pH's (~5-6.5), low SS, and low CF% are generally favorable to planted tree growth (e.g. Showalter et al. 2007; Angel et al. 2008; Emerson et al. 2009 ) and to site invasion by native volunteers (Angel et al. 2008 ).
Two years after treatment, the restoration is progressing; some areas appear to be reverting to autumn olive and black locust dominance due to prolific stump sprouting. Pre-restoration plant communities and soil properties appear as primary influences on restoration progress to date.
Managing these dynamics is especially challenging on older mine sites where, unlike new sites with freshly constructed soils, a plant community, many of which are non-native and exotic, are already in place and able to influence ecosystem development unless intentionally suppressed.
Timely, judicious, herbicide treatment, before (broadcast spray) or after (stump treatment) mechanical removal of aggressive, undesired species, may be required. Prior research demonstrates that soil tillage to alleviate compaction will increase survival and growth of trees planted on previously reclaimed Appalachian coal mines (Fields-Johnson et al. 2008; ). Soil density and nutrient deficiency mitigation, however, can also stimulate the preexisting plant community making it more competitive.
The results of this prototype application of reforestation guidelines for unused mined land demonstrate the importance of pre-planting cultural treatments when restoring forest on previously reclaimed Appalachian coal mines. Mine soils are commonly deficient in essential nutrients, especially N; planted trees require these nutrients to emerge from competition, but broadcast applications may have stimulated that competition which was largely responsible for the low initial survival of the planted trees. Strategic nutrient applications targeted to planted trees, such as band application in the ripping row and/or as pellets in the rooting zone, may increase planted trees' survival and early growth while minimizing stimulation of herbaceous competition. Herbicide application prior to site clearing could also slow competition from site occupants capable of live-root propagation. These results suggest that strict adherence to the timing and order for applying the sequence of reforestation practices is important for reforestation success. Pre-and post-planting control of competitive, existing vegetation is critical; nutrients added to improve forest productivity must be applied in ways that do not exacerbate the proliferation of unwanted vegetation.
Application and Adoption of Reforestation Guidelines for Unused Mined Land
In 2004 with the active mining industry and regulatory personnel to apply the FRA to reclaim new surface mine disturbances to forests. ARRI is also 'looking backward' at the estimated 300,000 ha of non-forested unused mined lands that could be available for reforestation in the Eastern US. The reforestation guidelines for unused mined land (Burger and Zipper, 2010) have been applied by ARRI to selected mined sites for restoring unused mined land to native forests.
In 2009 and 2010, ARRI partnered with state and federal agencies, watershed groups, coal operators, conservation groups, environmental organizations, faith-based groups, and numerous universities, colleges, and high schools to coordinate 22 volunteer tree planting projects/events throughout Appalachia (Tables 5 and 6 ). These events involved 156 ARRI partner organizations and over 2,500 ARRI volunteers and resulted in the planting of over 175,000 trees on about 96
ha of previously reclaimed mine sites where reforestation was not attempted, or where the results were undesirable. ARRI's role in these endeavors is to facilitate communication and provide technical assistance to all partners involved in the tree planting projects. ARRI foresters coordinated site selection and evaluation, herbicide treatments, ripping activities, species selection, tree planting, and follow-up surveys as close to the Virginia Tech methodologies described above as available resources and funding would permit.
This post-reclamation reforestation effort has the additional benefit of outreach and awareness that is being created for proper mine land reforestation with the public, industry, and regulatory authorities. Ripping and tree planting partnerships with several mining companies on some of their previously reclaimed mine lands have led them to embrace the FRA on their active mining operations. Many state and federal regulators involved in the volunteer tree planting projects have expressed positive attitudes for the forestry post-mining land use and employing the FRA on the 'front-end' of the reclamation process instead of as an 'after the fact' process. It is also creating research opportunities for further refinement of the reforestation guidelines.
After two years of piecing together tree planting projects with donated trees, in-kind services, volunteer tree planters, and very limited funding, the ARRI tree planting events are now evolving into large scale projects funded by grants, cost share programs, utility companies seeking carbon credits and corporate donations. Most of this funding is used for site preparation and purchasing seedlings. In many situations volunteer tree planters will still be needed. Over 500 ha of pervious reclaimed mine lands in Appalachia are being prepared for spring tree planting in 2011, representing a fivefold increase over the acreage planted in 2010; and in three years (2009, 2010, and 2011) , the ARRI tree planting projects will have planted over 1 million trees on post-bond released unused mined land (Table 5) . Note: For some sites, acreages and tree planting totals are approximate. (Table 5 ). Second year survival on sites planted in 2009 was 83%. Although initial survival is very promising, reforestation success on these sites is a function of the trees' ability to grow freely above the competing vegetation, avoiding hazards including animal brose and rodent damage, and tolerating adverse mine soil conditions that could not be ameliorated. After only two years of experimentation, it is too early to determine the overall success of these forest establishment efforts. ARRI foresters will continue to monitor these sites in an attempt to test and refine the reforestation methodologies established by Virginia Tech for previously reclaimed sites (Burger and Zipper, 2010) .
Conclusions
There is an opportunity to reforest thousands of hectares of unused mined land in the Appalachian region for the products and services the original forests provided prior to be removed by surface mining. Most of these unused land areas are covered with non-native and exotic vegetation that provide few products and services to landowners and surrounding communities. The Office of Surface Mining's Appalachian Regional Reforestation Initiative in cooperation with state authorities is actively working with various landowners, conservation groups, and financial sponsors to restore native forests. Reforesting these sites is challenging due to the nature and condition of these mined lands. Burger and Zipper (2010) developed specific procedures that are being applied by ARRI and its cooperators on various sites throughout the Appalachian coalfields. The first attempt by the Nature Conservancy in Virginia to restore a native forest on an unused mined site appears to be successful, but it showed that aggressive control of competing vegetation and strategic application of nutrients, so as to stimulate height growth by planted trees while minimizing stimulation of competition, are important components of the unused mined lands' reforestation strategy.
